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Traffic Flow Management (TFM ) Problem

Capacity

— Theoretical maximum flow rate supported by the separation
standard

Throughput

— Rate of flow realized in operation

Efficiency
— How close is throughput to capacity?
Objective

— Maximize flow rate to meet traffic demand
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Characteristics of TFM

« Hierarchical command and control structure
— 20 centers and 830 high and low altitude sectors

o Time scales
— 1 to 6 hours (National and Center flow planning)

o Large number of aircraft (~10,000)
o Inter-center boundary connectivity
o Sector congestion

Aggregation and decomposition
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Inter-center boundary connectivity
= —
(= e
ZKC Z1D
R VLSS PP
oo
JHU ZJX

5




N
NA% Ames Research Center

Goal

o Develop algorithms and optimization software to
deal with system-wide TFM optimization issues in
both current and future systems



O\,
NA% Ames Research Center

Research plan

o Develop algorithms and optimization software to maximize
flow rate to meet traffic demand
— Current System
» Spatio-temporal decomposition
» Use Playbook or other re-routing schemes

» Optimize aircraft transit times to minimize delay and meet
congestion constraints

» Automate the process of formulating the optimization problem for
different levels of aggregation and decomposition

— Future Systems
» Optimal en route ATC concept

« Develop a scenario database
o Co-ordination with other VAMS concept development efforts

o Evaluate the results using FACET
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Future ATM Concepts Evaluation Tool (FACET)

o Simulation tool for exploring advanced ATM concepts
— Flexible environment for rapid prototyping of new ATM concepts
— Interface with Host and ETMS data
— Can be integrated with other tools of varying complexity and fidelity

- Balance between fidelity and flexibility
— Model airspace operations at U.S. national level (~10,000 aircraft)
— Modular architecture for flexibility
— Software written in “C” and “Java” programming languages
» Easily adaptable to different computer platforms
» Runs on Sun, SGI, PC and Macintosh computers
— Can be used for both off-line analysis and real-time applications
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Example: Current system
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Impact of Rerouting and Departure Delays on ZNY
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LGA ADR
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Delay Contours

EWR and LGA Delay Contours
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Example: Future system
Optimal en route air traffic control

« Sequential trajectory planning

« Wind-optimal routing

o Full-trajectory conflict resolution

« Periodically re-compute to mitigate disturbances

« Incorporate stochastic disturbances (Weather, SUA)
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Wind-optimal route
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FP: ohr 25mum

Great-Cucle Distance: 2

FLIGHT: UHITED RIELIKMES 1% cE7440
DEPRRETIMG: KEMMEDY

ARRIWINGE SAN FRAMCISCO

IEFARTURE TIHE 12322 F.HM, FST
EXPECTED TO ARRIVE IH 2 HRS 45
SPEED: 441 Knots, ALTITUDE: 359000
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Optimal routes

21 Hours of Free Flight @ Flight Level 350: 1213 Aircraft

Latitude, degrees North
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Optimal ATC video
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